Dimension reduction procedure is the recipe to represent defects in two dimensional dislocation dynamics according to the changes in the geometrical properties of the defects triggered by different conditions such as radiation, high temperature, or pressure. In the present study, this procedure is extended to incorporate further features related to the presence of defects with a special focus on face-centered cubic/body-centered cubic alloys used for diverse engineering purposes. In order to reflect the microstructural state of the alloy on the computational cell of two dimensional dislocation dynamics, the distribution of the multi-type defects over slip lines is implemented by using corresponding strength and line spacing for each defect. Additionally, a simple recursive incremental relation is set to count loop accumulation on the precipitates. In the case of continuous resistance against the motion of edge dislocations on the slip lines, an expression of friction is introduced to see its contribution on the yield strength. Each new property is applied independently on a different material by using experimental information about defect properties and grain sizes under the condition of plain strain deformation: both constant and dynamically increasing obstacle strength for precipitate coarsening in prime-aged and heat-treated copper-chromium-zirconium, internal friction in tantalum-2.5tungsten, and mixed hardening due to the presence of precipitates and prismatic loops in irradiated oxide dispersion strengthened EUROFER with 0.3% yttria.
Introduction
Combination of one or more metals or non-metals is an age-old technique to improve the mechanical properties such as yield strength. In addition to the alloying, the tensile response of the materials is optimized by the use of supplementary processes like annealing or quenching which result in the evolution of the microstructure. In extreme environments, the initial state of the materials may not be maintained due the operating conditions, and the performance of the materials may vary according to the perturbation in the intrinsic properties. At this point, the design of materials for fusion or generation IV reactors becomes an industrial necessity in order to deal with technological problems.
Experimental investigations on various nuclear alloys including but not limited to copper alloys [1] [2] [3] [4] , austenitic steels [5] [6] [7] [8] [9] , and ferritic/martensitic steels [10] [11] [12] [13] have been widely performed in order to understand the relation between the evolution of defects and the constitutive behavior. According to the observations in these experiments, precipitates are commonly detected in the alloys of all crystal structures [1, 3, 4, 6, 8, 11, 12] at different levels of additional processes such as irradiation [3, 8, 12] or heat treatment [4] . Consequently, significant changes in the geometrical properties of precipitates are generally the governing factors, which are particular to the alloys, in the variation of mechanical properties. However, there exists also certain types of defects which are induced by irradiation in specific crystal structures. While the formation of stacking-fault tetrahedra (SFT) occurs in some face-centered cubic (FCC) materials [2, 3] , dislocation loops are the major irradiation-induced defects in body-centered cubic (BCC) materials [12, 14] . At elevated temperatures (e.g. >573 K [14] or >623 K [6] ), the population of voids is significant and contributes to the change of the tensile properties.
When dislocation-barrier interaction is considered, precipitates and related mechanisms in the alloys have been studied in 3D dislocation dynamics (DD) [15] [16] [17] [18] . Precipitation-induced strengthening in a Zr-1% Nb alloy proposing a mixture law [15] , interactions between dislocations and Y 2 O 3 particles in PM2000 single crystals [16] , combination of Orowan mechanism and forest hardening in reactor pressure vessel (RPV) steels [17] , and utilization of impenetrable facets for incoherent oxide particles together with shear-able facets for irradiation induced sessile dislocation loops in oxide dispersion strengthened (ODS) materials [18] are the themes of some exemplary works dedicated for the simulations of precipitates in 3D DD. Although 3D DD delivers an illuminating description about the motion of dislocations, it is considered as an expensive method of simulation in terms of computation time. Moreover, current limitations such as simulation volumes far below the grain size of many engineering materials imply that 3D DD may be desirable for the cases where 3D setup is indispensable.
In the present study, additional features based on dimension reduction procedure (DRP) [19] in 2D DD framework [20] are introduced in order to reflect the changes in the microstructure of FCC/BCC alloys. In section 2, a brief description for the content of dimension reduction is given. Then, in section 3, representation of multi-type defects, internal friction, and dynamically increasing obstacle strength is shown. Section 4 describes BCC slip systems according to the suggested configuration stated in another study [21] for plain strain deformation and explains the calculation of effective Burgers vector magnitude [22] in the corresponding slip systems. Finally, in section 5, each new property is applied separately on a different alloy by using experimental information about the geometrical properties of defects under the condition of plain strain deformation: both constant and dynamically increasing obstacle strength for precipitate coarsening in prime-aged and heat-treated FCC CuCrZr [4] , internal friction in BCC Ta-2.5W [23] , and mixed hardening in irradiated BCC ODS EUROFER with 0.3% yttria [24, 25] .
2 Dimension reduction of defects DRP [19] of defect properties in 2D DD [20] is the transition of 3D geometrical information to the basis of slip lines by using the principles of fractional conservation [26, 27] and barrier hardening formulations such as Dispersed Barrier Hardening (DBH) [28] model or Bacon-Kocks-Scattergood (BKS) model [29] . This procedure is performed by the application of two consecutive slicing operations on the objects of a certain number, size and geometry as described in Fig. 1 . First slicing yields an average 2D profile in terms of density and size, and permits the determination of defect strength assuming that 2D average spacing is preserved inside the geometrical cell. At the end of the latter slicing, all 3D objects are reduced to the segments as a result of intersections between 2D objects and slip lines, hereby line density, which is defined as the number of segments per slip line is obtained in order to represent defects in 2D DD. For practical reasons, in lieu of segments, points are distributed over all slip lines. Moreover, prismatic dislocation loops are considered as representative segments on the lateral cross section of the material, and a special treatment that counts the number of interactions between a mesh of both parallel and perpendicular lines and segments of prismatic loops is applied [19] . Figure 1 : Transition of 3D geometrical properties of defects into 1D information for slip lines on which dislocations (⊥) are generated from Frank-Read (FR) sources ( ), can glide and be pinned/depinned at obstacles (•).
For each type of defect, there exists an ordered pair of line density and strength. Density and spacing formulations delivered by the DRP [19] according to their geometrical categorization are summarized in Table 1 . While spherical defects may be referred to the precipitates or voids, SFT are apparently the examples of tetrahedral objects. Strength of the obstacles which determines pinning/depinning of edge dislocations is computed via DBH or BKS formulations depending on the nature of the corresponding defect. Substitution of the 2D spacing values stated in Table 1 into these formulations yields the expressions shown in Table 2 . If the parameters that constitute BKS formulation are examined, A is a coefficient depending on the character of the dislocation, A = 1/2π(1 − ν) for screw dislocation and A = 1/2π for edge dislocation, ν is Poisson's ratio, µ is the shear modulus, b is the Burgers vector magnitude, B is a coefficient which is equal to 0.7 for precipitates and 1.52 for voids, r 0 is the line energy cut-off radius defining the elastic dislocation core size selected as b, and D is relative diameter defined as
Discs is the 2D spacing between the discs of spherical defects, and D is the disc size taken as 2R 2D = 4R/π since R 2D = 2R/π on average [19] . In DBH model, 0.67 and 0.33 are the barrier strength coefficient α which is scaled in the interval of [0.11, 1] [6].
3 Additional features for alloys
Multi-type defects
According to the experimental observations, the microstructure of alloys may not consist of only one type of defect. Depending on the nature of the process and the external load, different kinds of defects may be present at the same time in the material crystalline. This includes but is not limited to precipitates, voids, or prismatic dislocation loops. Contemporary existence of multi-type defects in the computational cell is the accurate description that shows the condition of the material. From the perspective of DRP [19] , each defect is characterized by a value for strength and line density on the slip line, and different levels of the triggering mechanisms such as irradiation or heat treatment are translated to a pair of strength and line density in accordance with the changes in the 3D geometrical properties of the defects. Defining that L line = 1/ρ line where L line is the line spacing between obstacles and ρ line is the line density, the distribution of multi-type obstacles is shown in Fig. 2 . Precipitates may be considered as primary defects in alloys since their potency to change the yield point is generally superior in comparison with the other defects. Depending on the crystal structure, SFT or dislocation loops may behave as secondary defects. It is worth to mention that this representation has no limitation for the number of defect type unless the total fraction is extremely high, and it is practical to enable the distribution of the multi-type defects as well as the sub-types of any category on slip lines.
The combined effect of multi-type defects has been investigated in different studies [15, 17, [30] [31] [32] , and the suggested resulting strength due to i different defects is generally expressed by using the following expression:
In spite of the existence of various values suggested for p in the interval of [1, 2] (e.g. p=1 [30] ), p = 2 has been theoretically approved [32] , and it is experimentally observed [31] . It should be noted that line density, being an additional parameter in DRP for 2D DD, is as effective as strength in the case of single type defects [19] , but it is not present in the mixture hardening rule stated in Eq. 1. Another form of mixture law is the concentration-weighted superposition of two defect strengths:
where C 1 and C 2 are the concentration factors. (p, q) = (1, 0.5) [30] and (p, q) = (1, 1) [33] are some of the proposed values for the pair of p and q. A 3D DD study [15] defines concentration factors by using the spacing between each type of obstacles, and suggests the following concentration based mixture law:
where l 1 and l 2 are 2D spacing between obstacles of each type. According to DRP, line spacing L line is associated with the concentration of the obstacles since line density determines the population of the obstacles on the slip lines. Therefore, one of the goals in the present study is to check if the behavior of yield strength under the condition of consecutive alignment described in Fig. 2 shows similarities with the mixture law in Eq. 3 when the concentration factors are defined in terms of line spacing L line .
Internal friction
Internal friction in 2D DD is the continuous resistance against the motion of edge dislocations on the slip lines. Obstacles are discrete objects on which dislocations pin/depin depending on the comparison between strength of the obstacles and absolute value of resolved shear stress τ of corresponding dislocations. However, internal friction in 2D DD is an implicit form of resistance that either sets dislocations immobile or influences the velocity of the dislocation by comparing the internal friction with |τ |. Therefore, the velocity term of an edge dislocation with a resolved shear stress τ affected by the internal friction denoted as τ f gets the following form:
where B is the drag coefficient and b is the Burgers vector magnitude. Whilst the internal friction may depend on some variables in the form of τ f = τ f (x, y, t, T ), which means it may be spatially changing (x, y) or specific to any slip system, temporal (t) or temperature-dependent (T ), present study assumes that τ f is constant in the computation cell during any simulation for internal friction.
The reference value of internal friction is aimed to be the Peierls stress (PS) which is defined as the minimal stress to move a dislocation at 0 K [34] . An FCC lattice exerts a very weak resistance against the motion of dislocations: the PS lies within the order of 10 −5 µ or less [35] , where µ is the shear modulus; in contrast, PS is 900 MPa (≈ 1.1 × 10 −2 µ) [36] for screw dislocations in BCC Iron. Not only the PS value for the edge dislocation in the simulation material, but also values around this PS are investigated to depict the general behavior of yield strength under the effect of internal friction that slows down or immobilizes the edge dislocations.
Dynamically increasing defect strength
When a dislocation bypasses a row of particles, a so-called Orowan loop is produced after the release of this dislocation as illustrated in Fig. 3 . Orowan loops on the particles act to increase the required resolved shear stress of the next dislocation to overcome [17] . In short, loops together with particles behave as a combined barrier against the motion of the dislocations. In order to incorporate the effects of such mechanism, a simple approach is applied for the precipitates using a recursive relation based on the number of releases from the precipitates. Specifying that n is the number of released dislocations from an obstacle, which is also the number of accumulated Orowan loops on that obstacle, and τ def is the increment percentage of the defect strength due to each Orowan loop, the strength of corresponding obstacle on which (n + 1)th edge dislocation is about to pin is hypothetically:
Since these obstacles are precipitates, and BKS model [29] is used to compute the initial strength of the precipitates, the relation between amplified strength due to the presence of n loops denoted as τ Inc n+1 against the (n + 1)th interacting edge dislocation and initial strength τ BKS is expressed in a more generalized form:
After the parametrization of dynamically increasing defect strength in terms of the initial value of the precipitate strength, the number of the released dislocations or accumulated loops, and a value of percentile increment, it is necessary to define a level of defect strength to terminate the strengthening process. If there is such a value of saturation for strength, say τ Sat , there also exists a maximum number of loops N which determines the level of saturation according to Eq. (6):
The progression of dynamically increasing precipitate strength is illustrated in Fig. 4 . As it is hard to extract the value of the parameters in Eq. (7) from experiments, the sensitivity of the increment value τ def is explored by solving Eq. (7) for N , assuming that the ratio τ Sat /τ BKS is known. To summarize, the strength of point obstacle referred to a precipitate is increased after each release of an edge dislocation from the corresponding point obstacle imagining that an Orowan loop is formed, and this operation is terminated when the number of released dislocations reaches the saturation level which is indicated by the maximum number N .
BCC slip systems and their effective Burgers vector magnitude
The description of the plastic slip in a BCC crystal together with the suggested planes is originally taken from another study [21] and it is given in Fig. 5 . In this description, the following slip planes are included: (101), (121), and (121) while the common slip direction in BCC is of 111 type. The Burgers vector magnitude of any member from 111 is:
where a is the size of the atomic unit cell. One may determine the effective Burgers vector magnitude by projecting the corresponding vector on the trace of effective slip plane [22] . In order to accomplish this operation, Fig. 6 is separated into three planes. Considering that the edge of the cubic cell is a, (101) is a rectangular plane whose edges are a and √ 2a. 5 Results and discussion
Precipitate coarsening in CuCrZr
The first material under investigation is CuCrZr [4, 37] which is considered for the utilization in the first wall and divertor components of ITER [4] . This material is subjected to certain processes such as prime aging (PA) and heat treatment (HT) for different periods of time respectively in order to realize the modification in the precipitate properties. The reason of this operation is mentioned as the inability for the inhibition of dislocation motion during plastic deformation due to small size of precipitates [4] , and annealing is applied on PA CuCrZr in order to coarsen the precipitates. Simulations are performed in a single grain of CuCrZr of size 30 µm [37] by using three different cases, which are PA without HT, PA and HT for one hour (PA+873K/1h), and PA and HT for four hours (PA+873K/4h) at the temperature of 873 K. Common input parameters such as elastic modulus E and inter-planar distance s [19] , which are used in all simulations of CuCrZr are shown in Table 3 . Initially, DRP is applied to the precipitates of CuCrZr by using the size (i.e. diameter) and density data delivered from an experimental study [4] . Table 4 shows the experimental data together with the line density and strength values obtained via dimension reduction. When the size and density values of the precipitates in Table 4 are examined, it is clear that the size of precipitates increases significantly for the reason of the HT; in contrast, this process results in the sharp decrease of density values. Stress-strain curves obtained by the application of DRP and static precipitate strength are shown in Fig. 10 . It is seen that the yield strength of the material is led by properties of the precipitates and is lowered by the coarsening due to HT. According to Fig. 10 , PA+873K/4h shows a more significant yield drop in comparison with PA+873K/1h. Whereas the value of the line density in PA+873K/1h indicates an inconsequential change with respect to PA, PA+873K/1h has a remarkably lower number of defect points than both PA and PA+873K/1h cases. The strength of precipitates is reduced in PA+873K/1h as well as PA+873K/4h, but the amount of decline is higher in PA+873K/4h. The stress-strain curves shown in the experimental study [4] differs from Fig. 10 in the position of PA+873K/1h. According to these experimental tensile results [4] , the gap between the yield strength of PA and PA+873K/1h is large; on the other hand, the difference between PA+873K/4h and PA+873K/1h is much smaller than this gap. There may exist several causes for this dissimilarity, nevertheless different perspectives may interpret in a variety of ways. For instance, it is prevalent to associate the defect strength with the yield strength of the material by means of a linear relation between the change in yield strength and defect strength. Even if the line density, which is a fundamental parameter in the DRP is ignored, the defect strengths shown in Table 4 do not support the experimental proximity of PA+873K/1h to PA+873K/4h. On the contrary, defect strength values computed via BKS model imply that the gap between PA+873/1h and PA+873K/4h may be approximately 1.6 times greater than the difference between PA and PA+873/1h. Over and above, formulations for the estimations of defect strength are not unique [15, 17, 28, 29] , and contradicting as well as supporting formulations may be found for this specific case, but they may reverse their roles in another case.
Dynamically increasing defect strength is also applied on CuCrZr by using the same precipitate properties mentioned in Table 4 . The parameters of the first trial are inspired from another study [17] dedicated to the Orowan mechanism. The ratio between the saturation level and the initial strength value τ Sat /τ BKS is assumed to be 2, and ∆τ def is set to be 10%. When these inputs are substituted into Eq. (7), the maximum number of loops N after which the process of increase is finished is found to be around 7. The result of this simulation is given in Fig. 11 . The dynamic increase of precipitate strength makes a significant rise in the yield strength, and the contribution of this feature proportionally increases with respect to precipitate properties as observed in Fig. 11 . A remarkable property of this case is that the use of ∆τ def = 10% together with τ Sat /τ BKS = 2 does not change the behavior of stress-strain curves sharply except a shift in the yield strength. In order to test the effect of increment value, ∆τ def = 3% is employed with the same ratio, for which the number of dislocation releases, N , needed to terminate the strengthening process is calculated as 23. The simulation output is illustrated in Fig. 12 . It is observed that when ∆τ def = 3% is applied instead of 10%, the hardening characteristic is distinct, and the 0.1% offset yield point gets lower values when compared with the previous case. In short, according to both Fig. 11 and Fig. 12 , augmentation of precipitate strength based on dislocation release shows notable effect on the variation of yield strength. 
Internal friction in Ta-2.5W
Tantalum and its alloys are defined as refractory metals thanks to their excellent resistance to corrosion and heat. These beneficial properties make them preferable also in nuclear applications [38] . Therefore, single grain Ta-2.5W alloy of grain size 40 µm (taken instead of 45 µm [23] ) is selected for the simulations of internal friction which are performed by the implementation of friction-dependent mobility law stated in Eq. (4). The reference point is decided to be 24.8 MPa which is the PS value used in a 3D DD study [39] for edge dislocations in Ta. Not only this PS value, but also 0.5PS and 2PS are checked to comprehend the contribution of friction values on slip lines. Additionally, BCC slip systems and their effective Burgers vector magnitudes stated in section 4 are also incorporated for the first time. The input of the simulations in Ta-2.5W is shown in Table 5 . The results obtained for three non-zero friction values including the PS are sketched in Fig. 13 , and it is demonstrated that all τ f values make parallel shifts in plastic response. Furthermore, when the yield points are determined by plotting the offset at 0.2% plastic strain, it is revealed that σ 0.2 = {45.9, 62.7, 88.7, 134.7} is acquired for τ f = {0, 12.4, 24.8, 49.6} MPa respectively, and the fraction (σ 0.2 − σ 0 )/τ f , where σ 0 , which is the σ 0.2 of frictionless case, is 45.9 MPa, and τ f = 0, yields 1.35, 1.72, and 1.79 respectively. Thus, the contribution of internal friction is not entirely linear, but a coarse approximation such that σ 0.2 ≈ σ 0 + βτ f , where β is around 1.75 for an FR density 1 µm −2 in Ta-2.5W, may be obtained for this specific case. The PS value causes a very considerable rise in the yield strength by an amount of 93%. The simulations done for internal friction explicitly indicate that friction is an effective term which shifts the yield strength of the material, hence the presence/absence in the mobility laws matter. However, it is not always straightforward to predict the values of friction, and it may require a multi-scale approach. 
Mixed hardening in irradiated ODS EUROFER with 0.3% yttria
Ferritic/martensitic alloys, especially ODS steels, have been taken into account as candidate materials [25] for the components of nuclear systems such as generation-IV as well as fusion reactors thanks to their resistance occasioned by the existence of highly dispersed oxide particles to swelling and low damage accumulation [40] . For this reason, polycrystalline ODS EUROFER of grain size 5 µm [41, 42] with 0.3% yttria in which constituents are 8.9 wt% Cr, 1.1 wt% W, 0.47 wt% Mn, 0.2 wt% V, 0.14 wt% Ta, 0.11 wt% C and Fe for the balance is selected for the simulations of mixed hardening. ODS steel samples are irradiated with 590 MeV protons to 0.3, 1, and 2 dpa, and the properties of the irradiation-induced defects are chosen by using the observations of transmission electron microscopy (TEM) in an experimental study [24] . The dispersion properties in unirradiated material is added from another experimental study [25] where small angle neutron scattering (SANS) is the technique to investigate the particle properties. In both experiments, samples are provided from Plansee [24, 25] . The reason of this combination is the possible variation of dispersion properties with the initiation of irradiation, since another experimental method reports concretely different results, and there exists a remarkable rise in the ultimate tensile strength of the material [40] . The polycrystalline computational cell of ODS EUROFER with 0.3% yttria for plain strain deformation is shown in Fig. 14 . The polycrystalline material is composed of eight grains, and the size of each grain is 5 µm. Slip systems are randomly generated by conserving the angles between slip lines, and effective Burgers vector magnitudes are used. The input parameters of this simulation are given in Table 6 . As it is mentioned above, the precipitate properties of the unirradiated material are taken from an experimental study with SANS, and the defect properties including both precipitates and irradiation induced defects of the irradiated material are found in another experimental work where the investigation technique is TEM. All irradiation-induced defects are assumed to be sessile prismatic loops in addition to yttria particles. The experimental data about defect properties in unirradiated and irradiated cases are shown in Table 7 . Table 7 : 3D defect properties in unirradiated [25] and irradiated [24] DRP is applied on the properties of defects mentioned in Table 7 in accordance with the formulations stated in Table 1 . BKS model is used to calculate the strength of precipitates whereas the strength of prismatic dislocation loops is determined by DBH model together with α = 0.33 [43] . After the determination of line density and strength values, one can predict yield behavior comparing data in Table 8 from case to case. Starting with the unirradiated case, yield strength of four cases are labeled as σ 0 , σ 0.3 , σ 1 , and σ 2 respectively. When the dispersion data of unirradiated material is compared with the case of 0.3 dpa, it is seen that line density changes significantly, whereas the strength of the dispersions varies slightly. This change guarantees hardening; thus, σ 0.3 > σ 0 . The contribution of dislocation loops at this level will be inactive due to very low line density and weak strength. For the next irradiation level, 1 dpa, there is no change in the dispersion data. A remarkable change in the properties of irradiation induced defects is observed; however, line density is still very low. Therefore, one may expect that σ 1 ≈ σ 0.3 . For the final irradiation level, besides the same dispersion properties, irradiation induced defects should result in weak but visible hardening since almost every slip line will have one or more interactions with these loops and the strength of the defects will be far from the strength of FR sources. To conclude, yield strength of these four cases can be sorted as follows: σ 0 < σ 0.3 ≈ σ 1 < σ 2 . The simulation results reported in Fig. 15 confirm the initial expectations stated above, and dislocation loops make a weak contribution to hardening. The outcome of these simulations is also qualitatively consistent with the concentration based mixture law stated in Eq.3 if the concentration factors are expressed in terms of line spacing L line . When the secondary defect is much weaker and less populated than the primary defect, the resulting defect strength is not far from that of the primary defect. Consequently, yield strength is principally governed by the strength of the primary defect.
In order to see the effect of stronger secondary defects, an artificial case may be imagined by considering that barrier strength coefficient α in the strength formulation of prismatic loops stated in Table 2 may get greater values than 0.33. Therefore, the final simulation is dedicated for the investigation of α = {0.33, 045, 0.57, 0.68} by the use of geometrical properties stated for irradiation dose of 2 dpa in Table 7 . In Fig. 16 , it is shown that secondary defects may contribute effectively when their strength is not distant from the strength of primary defects.
Discussion
The results shown in the present study are mainly the products of extended DRP which is based on the representation of defects by using fractional conservation laws and barrier hardening models. Existing 3D defects properties are translated to 1D basis with the aid of equivalence of fractions, and the resistance of each defect type is determined by using BKS or DBH model according to the observations based on the outcomes of external computational studies, but any other suggested or modified strength expression may be preferred since these calculations are independent of 2D DD simulation framework. This setup is built on practical algorithms that provide realistic compu-tational domains, control/track ability for its elements, and consequently opportunity to combine many properties by merely using points of interaction and analytical estimations.
Especially within the content of this study, as it was also mentioned in the DRP, it is seen that the geometrical properties of defects are extremely crucial in the governance of tensile characteristics since not only distribution of these objects, but also formulations and features depend on these properties. Although this part of dimensionally reduced 2D DD is supposed to be provided from either experimental or external computational studies, it is as challenging as the implementation of the new features. Present model has also limitations due to the nature of 2D DD. Screw dislocations have not been mentioned frequently because the dynamics of screw dislocations cannot be represented in 2D DD framework. Therefore, mechanisms specific to screw dislocations such as kink-pair migration or cross-slip are absent in present framework. This problem may cause inconsistency for BCC alloys for temperatures between 0-300 K since the plasticity of BCC materials is considered as governed by mainly screw dislocations. However, under the condition of plain strain deformation and in the higher temperature intervals where screw dislocations are not mastering, barrier-dislocation interaction and related features may be suitable for simulations with the present framework.
Although the recipe of defect representation and principal features related to defects have been exhibited, enabling microstructural changes in 2D DD is started, but it is not over. Temperature dependence of the mobility laws is supposed to be implemented in either Arrhenius or non-Arrhenius form to efficiently test the performance of the materials although it requires a multi-scale approach for each material. There exists also substantial defect-concerned traits that can be easily done: grain boundary penetration by distributing finite strength obstacles on the interfaces of the grains, defect annihilation by dynamically setting the strength of corresponding defects to zero, or defect multiplication by initially distributing zero-strength defect points that will gain an effective strength in the further time steps of the simulation.
Conclusion
Present study reveals out the following properties on the basis of the additional features of DRP:
• The trials on dynamically increasing defect strength in CuCrZr indicate that the loop accumulation on the precipitates ends up with a significant rise in the yield strength.
• Simulations done with different values of the internal friction in a single grain of Ta2.5W show that friction is an effective term which results in parallel shifts in the plastic response of the material.
• In polycrystalline of ODS EUROFER with 0.3% yttria, stress-strain curves show that precipitates dominate prismatic loops in the variation of the yield strength, and prismatic dislocation loops incurs a visible contribution only at irradiation level of 2 dpa.
• As it is seen in the results of CuCrZr and ODS EUROFER with 0.3% yttria, precipitates are the principal defects of the alloys that govern the tensile properties.
